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Create a sustainable future for food production.

This document proposes research into creating a productive woodland by improving diversity and productivty, supporting existing ecology, and reducing carbon emissions.



The aim is to create sustainable productive landscapes within urban spaces.

This document looks into the reasons why increased productivity in cities is needed for the 
future of human existence.

This document is further research based on work from  the KEEP proposals into forest 
gardens, coppicing and grafting.

The latter part of the document attempts to design a productive landscape within Kirkstall 
Valley Park. This is achieved using forest garden, coppice and grafting ideas, but combining 
them into one system, to improve biodiversity, ecology, productivity and food security, with 
only the use of plants.
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GLOBAL WARMING

“It is now more certain than ever, based on many lines of 
evidence, that humans are changing Earth’s climate. The 
atmosphere and oceans have warmed, accompanied by 
sea-level rise, a strong decline in Arctic sea ice, and other 
climate-related changes.” (Wolff and Fung, 2014 foreward)

“Greenhouse gasses such as carbon dioxide (CO2) 
absorb heat (infrared radiation) emitted from Earth’s 
surface. Increases in the atmospheric concentrations of 
these gases cause Earth to warm by trapping more of this 
heat. Human activities, especially the burning of fossil fuels 
since the start of the Industrial Revolution, have increased 
atmospheric CO2 concentrations by about 40%” (Wolff 
and Fung, 2014 p2)

“Significant crop yield impacts are already being felt at 
0.8°C warming, and as temperatures rise from 2°C to 4°C, 
climate change will add further pressure on agricultural 
systems.” (The World Bank Group, 2014 pxix)

 POPULATION RISE

“Continued population growth until 2050 is almost 
inevitable, even if the decline of fertility accelerates. There 
is an 80 per cent probability that the population of world 
will be between 8.4 and 8.6 billion in 2030, between 9.4 
and 10 billion in 2050 and between 10 and 12.5 billion in 
2100”. (The World Bank Group, 2014 p8)

“The projections show that feeding a world population 
of 9.1 billion people in 2050 would require raising overall 
food production by some 70 percent between 2005/07 
and 2050. Production in the developing countries would 
need to almost double” (How to Feed the World in 2050, 
2009 p2)

FOOD SECURITY 

“Is defined as giving populations both economic and physi-
cal access to supply food, sufficient in both quality and 
quantity at all times, regardless of climate and harvest, 
social level and income.” (Viljoen, Bohn and Howe, 2005 
pxx)

FOOD CRISIS

“The world needs to produce at least 50% more food to 
feed 9 billion people by 2050. But climate change could 
cut crop yields by more than 25%. The land, biodiversity, 
oceans, forests, and other forms of natural capital are be-
ing depleted at unprecedented rates. Unless we change 
how we grow our food and manage our natural capital, 
food security—especially for the world’s poorest—will be 
at risk.” (The World Bank Group, 2016)



FOREST 8000 BC

FOREST 2000 AD

DEFORESTATION

“Forests cover almost a third of the earth’s land surface providing many 
environmental benefits including a major role in the hydrologic cycle, soil 
conservation, prevention of climate change and preservation of biodiversi-
ty” (Chakravarty et al., 2016 p3)

“Sufficient evidence is available that the whole world is facing an envi-
ronmental crisis on account of heavy deforestation. For years remorseless 
destruction of forests has been going on and we have not been able to 
comprehend the dimension until recently.” (Chakravarty et al., 2016 p3)

Large areas of forest are being removed for agriculture, this is changing 
large areas of the earth into a monoculture, compared to the diverse 
system which once existed. Working with the existing natural systems helps 
keep equilibrium.  



“Continuous productive urban landscapes will be open landscapes 
productive in economical and sociological and environmental terms” 
(Viljoen, Bohn and Howe, 2005 p11)

CONTINIOUS PRODUCTIVE URBAN LANDSCAPES

The CPULs concept is a way to retrofit existing cities by linking up existing 
areas of green space to create continuous links through the city. These 
green routes increase connectivity to the green and rural landscape.

“CPULs will be productive in various ways, offering space for leisure and 
recreational activities, access routes, urban green lungs etc. But most 
uniquely, they will be productive by providing open space for urban 
agriculture, for the inner-urban and peri-urban growing of food.” (Viljoen, 
Bohn and Howe, 2005 p11)

“Vegetation will appear everywhere new and exciting: it will get harvest-
ed, grow back, get harvested again, grow again, grow differently, grow 
less or more, grow earlier, later it will seasonally change.” (Viljoen, Bohn 
and Howe, 2005 p11)



WOODLAND COUNCIL ALLOTMENTS ORCHARDS AND FOREST GARDENS

URBAL MAP RESEARCH

Using the Urbal map as research, I have been able to locate a number of areas which could be used, and 
which have the potential to be develped into these green corridors.

In Leeds there is over 3,660 hectares of woodland, around one third is council owned, meaning the city 
council could be vital in a realisation of a CPUL in Leeds. The problem with the existing woodland is that much 
of these areas are fragmented, meaning little to no linkages and thus reducing the potential ecological benefit 
which these spaces hold.

There are also 99 allotments in Leeds, and a handful of orchards and forest gardens.  This number is far fewer 
than that which is needed to help feed a proportion of Leeds inhabitants.

Incorporating all these systems holistically would enhance the benefits.. This could be done by creating green 
corridors and productive green spaces throughout Leeds, creating  social, economic and environmental 
benefits.



CPULs Corridors

CPUL URBAL PROPOSAL RESEARCH

The Urbal Fix further mentioned that Leeds has “green fingers” running through the city. These areas could 
potentially be the green corridors used to create Urbal ecosystems. 



KIRKSTALL ECO EDUCATION PARK 

A summer school run by Tom Bliss and Petros Tsitnidis worked with a number of 
Brazilian Architecture students from the Science without Boarders programme, 
looking into closed loop systems at Leeds Beckett University.

The group looked into a number of sustainable themes and ideas including vertical 
farms, forest gardens, insect farms, food production, community farms and energy 
farms. The kirkstall Valley Proposals aim is to work towards an ecological park and 
green technology focused closed loop system.

My decision to look into food production within Kirkstall Park means that my work 
relates to previous work within the KEEP proposals. My research will explore future 
areas of productivity, these will be:

Forest Gardens
Coppicing 
Grafting

The KEEP brand aims to create:

THE PLACE

A major new city park where the usual (and already planned) public amenities are
enabled and enhanced by educational visitor attractions, and sustainable product
outlets;

THE PARTNERSHIP

A collection of businesses, city / community services, and community enterprises
each operating independently, but with maximum co-operation for internal
recycling;

THE BRAND

Used by both park and partnership to express a joint commitment to closed loop,
low carbon research, education and enterprise – and to optimise sales.
Although the KEEP brand is unique in identity, it is important to note that any
proposals will require consultation with a number of key stakeholders including
KVP as the main governing body (KEEP, (2015).



CITIES ALIVE - ARUP

Cities Alive is a collaborative report from Arup articulating the problems 
and indicated the solutions to deliver our needs, pleasure and delight in 
cities and the urban environment. By working with the natural environment 
as a key driver “Cities Alive presents an economic way of addressing the 
challenges of population growth and climate change in our cities to deliv-
er significant social and environmental benefits.” (Cities Alive, 2016 p7)

“Rethink “green”, not as an optional add-on, a desirable enhancement 
or a dutiful nod towards biodiversity, but as a fundamental part of the 
solution. We look to technology to solve our problems, but now we must 
equally understand the power that nature can contribute to urban tech-
nology and science”. (Cities Alive, 2016 p5)

“In response Cities Alive proposes a design approach for urban environ-
ments that promotes nature as a key driver. This embraces the direction 
of national government policy described above that acknowledges the 
essential value of the natural environment and its role in underpinning our 
economic prosperity, health and wellbeing. The approach seeks to create 
healthier more socially cohesive and biodiverse urban environments and 
a connected city ecosystem for people and wildlife that also builds in 
resilience measures against climate change in the form of storm, flood, 
heat, drought and pollution protection”. (Cities Alive, 2016 p9-10)

Arup has spilt the benefits of improved green infrastructure into three 
sections, these are Social, Environmental and economic. Using these three 
sections as goals to achieve in my productive woodland design helped 
keep my work related to improve its surrounding area. 

DRIVERS FOR CHANGE
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INDUSTIRAL PAST

Kirkstall Abbey is a Cistercian monastery on the banks of the river Aire. The Abbey was founded in 
1120, it remained in use until 1539. Due to Henry VIII’s dissolution of the monasteries. Kirkstall Abbey 
managed to avoid being flattened, and now is the most complete set of Cistercian ruins in Britain.

Due to Kirkstall’s position next to the river, it became an integral part of the industrial revolution 
in Leeds. In 1770 construction of the Leeds Liverpool canal started. This was a further catalyst for 
increasing presence of industry in the area. A number of industries grew, including brewing, printing 
textiles and iron forging. 

St Ann’s Mill opened in 1822, which manufactured cashmere. Armley Mill’s was once the largest 
woollen mill in the world, now the mill is a popular museum showing Leeds’s industrial past.

Kirkstall power station was a coal-fired unit, this opened in 1931, producing power for Leeds. The 
station changed to oil firing but subsequently closed in 1976 and was demolished.  



LEEDS CITY CENTRE
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LEEDS LIVERPOOL CANAL

This canal links Leeds to Liverpool and is the the longest in northern England. This canal cuts through the west of Leeds 
starting at the city centre passing out through to Kirkstall. The canal consists of dense vegetation creating a diverse and 
ecologically rich green and blue route through the city. There are a number of uninviting bridges along the canal, with 
a large amount of graffiti on the walls, indicating these areas are sometimes used for anti-social behaviour.

 



REDCOTE LANE

Redcote Lane is found off Kirkstall Road and is one of the main routes into Kirkstall Valley Park. Even 
though popular with walkers and cyclists, it’s not the most inviting space, with rubbish and graffiti 
along the path. Due to the lack of street lights, this area is rather unwelcoming at night, if not danger-
ous, as a number of crimes have been reported. 

 



NATURE RESERVE 

The nature reserve is accessable from Redcote lane and has recently be planted with over 15,000 
trees, including a number of fruiting tree species such as apple, quince and medlar. This area consists 
of a large range of different plant species and habitats, incorporating wooded areas, wildflower 
meadows and even an orchard. 

 



CENTRAL MEADOW/NATIONAL GRID AREA

This area is accessible via Redcote Lane and also the Leeds Liverpool Canal footpath. This meadow is 
one of the largest public open spaces in the area, yet it seems to be used as a walk through instead 
of a destination. This is shown by the signs of anti-social behaviour, graffiti etc, and the eyesore of the 
national grid structure, which creates an undesirable looking area. Its placement between the train 
tracks and canal isolate the site, further, reducing connectivity.

Yet it has a large range of planting types: grassland, shrubs and around the edges of the site, a large 
range of mature trees, not unlike the nature reserve. 



KIRKSTALL FLOODING 2015

On the 26th of December 2015 the River Aire burst its banks, causing flooding in Kirkstall and 
parts of the city centre. Much of Kirkstall Road was flooded causing damage to businesses and 
homes. The train line through to Skipton and Ilkley was also flooded causing the cancellation of 
trains. Due to the widespread flooding on December in 201, there has been increased public 
interest in flood prevention.

“One option that has started to gain widespread attention is Natural Flood Management, which 
uses natural habitats such as wetlands, flood plains and woodlands to slow the flow of water, 
and so reduce flooding. Under this system, wetlands and bogs would be restored, rivers would be 
allowed to flow more naturally onto flood plains, and new woodlands would be created. All these 
measures increase the ability of the land to store water and slow the flow of water downstream, 
thus helping to reduce the peak levels of water in our rivers and consequent risk of flooding.” 
(Spracklen, 2016)

“One of the most important differences between woodland and agricultural land is the rate at 
which water infiltrates the soil. Agricultural soils lack deep-rooted vegetation and suffer compaction 
from animals and machinery, and so tend to inhibit water infiltration. This means that water flows 
quickly over farmland into the river, where it causes flood peaks further downstream. In wooded 
areas, by contrast, tree roots help to create porous soils which, together with leaf litter, act like a 
sponge – allowing water to percolate slowly into the water system, rather than running over the 
surface directly into streams and rivers.  Also, trees and vegetation, by effectively increasing the 
surface area upon which the rain falls (and then drips to the ground), themselves act as a “brake” 
on water, further slowing its journey downstream.” (Spracklen, 2016)

Adding further woodland planting in this area could be beneficial in reducing the chance of flood-
ing further down the river. 

 



CASE STUDIES
MARTIN CRAWFORD “CREATING A FOREST GARDEN, WORKING WITH NATURE TO GROW EDIBLE CROPS”.

BEDFORD FIELDS COMMUNITY FOREST GARDEN

HOLLYBUSH CONSERVATION CENTRE KIRKSTALL



MARTIN CRAWFORD “CREATING A FOREST GARDEN, WORKING WITH 
NATURE TO GROW EDIBLE CROPS”.

Martin Crawford has written a book called “Creating a forest Garden, working with Nature to Grow 
Edible Crops”. The aim of this book was to create a step-by-step approach to creating a forest garden, 
to make it more manageable and accessible.

Martin Crawford is also the trust director of the charity “The Agroforestry Research Trust”. The aim 
being to conduct research into all aspects of temperate agroforestry. Since then numerous academic 
and practical research projects have taken place.

In 1994 Martin Crawford set about creating a forest garden in a 2.1 acre patch of land on the 
Dartington Estate in South Devon. This areas has over 140 different plants, these create a diverse, 
self-sustaining, self-fertilising and productive area. 

This type of work, is researching the benefits of forest gardens and is trying to find new beneficial ways 
of growing crops without the high levels of energy and large carbon footprint needed with regular 
farming techniques. 

BEDFORD FIELDS COMMUNITY FOREST GARDEN

Bedford Fields Community Forest Garden is an open access garden in Woodhouse, LS6. It aims to 
educate people on how forest gardening can be a viable alternative to modern food production, 
resilient to climactic and social change.

They have over 80 species of edible plants and a mixed-species hedge, planted and fenced off, as a 
wildlife corridor leading to Woodhouse ridge.

All of theses plant species have a purpose in improving biodiversity, helping improve the feeding of 
cities and food security.



LOCAL INVOLVEMENT 

From this visit I realised how much of an impact community groups could help in a scheme such as creat-
ing a productive woodland. With input from community groups we would be able to plant and maintain 
the area, giving ownership to people within the area. This would hopefully lead to increased use by the 
local community, creating a hub for socialising and sharing knowledge.

HOLLYBUSH CONSERVATION CENTRE KIRKSTALL

On a recent trip around Kirstall I visited the Hollybush conservation centre. This group of people is 
interested in reclaiming green space and have been doing so since 1959.

The conservation volunteers run their own environmental projects with around 2,000 community groups. 
They have a particular interest in improving biodiversity and conserving existing green spaces. They offer 
a number of volunteer schemes and projects which everyone can be involved in. These include:

Woodland conservation
Willow harvesting
Bush cutters and trimming
Woodcraft
Outdoor cooking



PRODUCTIVE WOODLAND CONCEPT
PRODUCTIVE WOODLAND CONCEPT

PRODUCTIVE WOODLAND BENEFITS
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PRODUCTIVE WOODLAND CONCEPT

My aim is to create a sustainable productive woodland. I will be using three planting 
systems; forest gardens, grafting and coppicing, to grow a range of produce in one 
space. This in turn, aims to create social, environmental and economic benefits for 
Kirkstall and the wider area.  

BENEFITS OF GREEN INFRASTRUCTURE (Cities Alive, 2016 p112)

ENVIRONMENTAL BENEFITS:

Improved visual amenity
Enhanced urban microlimate
Improved air quality
Reduced flood risk
Better Water quality
Improved Biodiversity
Reduced ambient noise
Reducing atmospheric CO2

SOCIAL BENEFITS:

Encouraging physical activity
Improving childhood development
Improved mental health
Faster workplace productivity
Increasing social cohesion

ECONOMIC BENEFITS:

Increased property prices
Increased land values
Faster property sales
Encouraging inward investment
Reduced energy costs
Improved chances of planning permission
Improved tourist and recreation facilities
Lower healtcare costs



£
PRODUCITVE WOODLAND BENEFITS 

SOCIAL BENEFITS ENVIRONMENTAL BENEFITS ECONOMIC BENEFITS

INTEGRATING URBAN FOOD

Reducing the amount of food needed to be brought from 
shops, thus reducing money spent.

RENEWING URBAN SPACES

If the KEEP project was completed this would greatly 
renew the Kirkstall Valley Park, increasing footfall in the 

area and creating income for local businesses. Potentially 
raising house prices due to the improved character and 

interest of the surrounding area

ENABLING ENERGY AND RESOURCE EFFICIENCY

As food and wood fuel would be grown locally, the mon-
ey needed and energy used to import food and wood 

fuel into the area would be reduced.

ENABLING LONG-TERM CLIMATE RESILIENCE

Growing coppice woodland creates a source of renew-
able carbon natural fuel, reducing fossil fuel needed to 

heat homes. Planting future trees and plants has found to 
be effect in reducing flooding which could have reduced 

chance of the Christmas flooding of Kirkstall in 2015. 
Growing woodland is a long term solution for improving 

climate resilience.

FOSTERING URBAN BIODIVERSITY

Introducing a number of different plant species will en-
courage a larger range of animals back into the area.

IMPROVED AIR QUALITY

Trees and vegetation can play an important role in influ-
encing urban air quality, and in mediating some of the 

negative effects of pollutants.

REDUCING ATMOSPHERIC CO2

Trees and vegetation remove CO2 from the atmosphere, 
helping reduce the negative effects of humans releasing 

CO2 into the environment.

SUPPORTING URBAN COMMUNITIES

Creating a productive woodland area would encourage 
community use. It has previously been shown to reduce 
crime in the surrounding area.  It also creates space for 

social interactions where friendships and communities are 
formed. 

INVESTING IN LIVEABLE SPACES

Bringing excitement into an area which previously had 
little, and encouraging use and footfall in a previously 

seldom used area.

REDUCED CRIME

Increase eyes on the street due to increased use, reducing 
anti-social behaviour and crime.

IMPROVED MENTAL HEALTH

Green areas have been found to alleviate stress, mental 
fatigue and mental well-being.

ENCOURAGING PHYSICAL ACTIVITY 

Green space and higher levels of physical activity are 
linked, which can dramatically improve individuals’ health.



FOREST GARDEN RESEARCH
ENVIRONMENTAL IMPACT OF MONOCULTURE FARMING

ENVIRONMENTAL IMPACT OF FOREST GARDENS

7 LAYERS OF A FOREST GARDEN

PRODUCE FROM FOREST GARDENS

NITROGEN-FIXING PLANTS



ENVIROMENTAL IMPACT OF MONOCULTURE FARMING

Modern farming generally consists of growing a single species in large quantities in single plots of land. There is growing evidence that this mono-
culture way of farming can have detrimental impacts to the environment.

Intensive monoculture agriculture often uses a number of synthetic materials to improve yield. Herbicides, insecticides, bactericides and fertilisers 
are used in large quantities.  These chemicals enter the food chain and environment, these can potentially damage human health and natural 
ecosystems.

Water retention is a problem with monoculture farming as there is a lack of ground retention plants, meaning water runs off the top soil. This 
means that a huge amount of water is needed to irrigate crops, this water has to be pumped from lakes, rivers and reservoirs affecting aquat-
ic ecosystems. 



ENVIRONMENTAL IMPACT OF FOREST GARDENS

A forest garden is a garden which is based on a more sustainable way of producing food, by mimicking the structure of a natural woodland. This would 
often contain trees of varying sizes, shrubs, perennials, annuals, herbs, root crops and climbers. These gardens don’t just produce edible plants, but can also 
support a range of products, such as firewood, honey, dye plants and medicinal plants, etc.

Forest gardens use a lot less energy to maintain compared to modern farming techniques. As the forest garden agricultural system is very similar to a 
natural woodland it requires very little maintenance compared to the large amount of fossil fuel which is used to maintain arable fields. The diverse planting 
creates a complex food web, and a sustainable ecological system can be created. 

Forest gardens create and maintain good soil structure, allows good water retention and prevents soil erosion and flooding. Due to its lack of maintenance 
and high diversity, forest gardens are useful in fixing carbon dioxide in soils and in the large biomass of trees and shrubs. 



1. Canopy (large fruit and nut trees)

2. Low tree layer (dwarf fruit trees)

3. Shrub layer (berries and currants)

4. Herbaceous layer

5. Rhizosphere layer (root vegetables)

7. Vertical layer (climbers and vines)

6. Soil surface (ground cover crops)

7 LAYERS OF A FOREST GARDEN

Robert Hart is the pioneer of the forest garden, he modelled the idea 
on his observations of natural forests, noticing they were composed of 
of several layers. He adopted these layers in his forest garden projects, 
increasing biodiversity, by mimicking natural systems.



DYE

madder
brazilwoo

weld
dyers greenweed
Japanese indigo

SPICES

szechuan pepper
alexanders seeds

HONEY

keep bees for regular supply of 
honey and wax

MEDICAL PLANTS

eucalyptus oil

NUTS & SEEDS

sweet chestnuts
almonds

siberian pea tree
hazelnuts

FRUITS

apples
pears
plums

medlars
currants

raspberries

POLES & CANES

coppiced hazel

bamboo canes

SALAD CROPS & HERBS

sorrel
wild rocket

lambs lettuce
mustard

wrinkled cress

FIREWOOD COPPICE

alder
chestnut
hazel

eucalyptus
ash

black locust
limes

MUSHROOMS

oyster
lions mane

shiitake

VEGETABLES

artichokes
perennial broccoli,

babington leek
everlasting onion
good king henry

BASKETRY MATERIALS

periwinkle stems
new zealand flax

PRODUCE FROM FOREST GARDENS



NITROGEN-FIXING PLANTS

TREES

Alnus cordata  (Italian Alder)
Alnus rubra Red Alder)
Robinia pseudoacacia (Black Locust)
Hippophae rhamnoides (Common Sea-buckthorn) 
Caragana arborescens (Siberian Peashrub)

SHURBS

Elaeagnus umbellate (Autumn Olive)
Bush Clover (Lespedeza Leptostachya)
Elaeagnus multiflora (Goumi)
Baptisia australis False Wild Indigo)
Myrica gale (Bog Myrtle)

HERBACEOUS PERENNIALS

Glycyrrhiza glabra (Liquorice)
Astragalus glyphyllos (Milk Vetch)
Lupinus perennis (Wild Lupin)
Apios americana (Groundnut)
Lotus corniculatus (Bird’s Foot Trefoil)



COPPICE RESEARCH
COPPICE WOODLAND INTRODUCTION

COPPICE TYPES

WILDLIFE RESPONCE TO THE COPPICE CYCLE

WILDLIFE IN COPPICED WOODLAND

PANEL LAYOUTS

COPPICE DENSITY



COPPICE WOODLAND INTRODUCTION

“Coppice is an ancient system of woodland management which has it origins in prehistory and has 
often been used to provide regular supplies of small-wood with many uses.” (Harmer, 1995 p1)

“The basic feature of a coppiced wood is that it is cut periodically and the trees are allowed to regrow 
from the cut stumps, which are termed stools. A coppiced wood provides a self-renewing source of 
wood allowing an indefinite number of crops of stems to be taken.” (Fuller, R. and Warren, M. 1993)

KEEP CLOSED LOOP SYSTEM

KEEP plan to create coppiced woodlands in Kirkstall. These will be used to 
provide:

Wood fuel- To be used in the wood gasification system to create a sustaina-
ble source of electricity which will run cafes, shops and education centres.

Biochar- To be used for the biocrops, allotments, community farm and forage 
crops proposals.

Woodchip- To be used for the biocrops, allotments, community farm and 
forage crops proposals.

COPPICING DECLINE

“The active management of coppice woodlands has been declining for 
more than a century and many of these remaining are neglected. Over the 
past decade a growing awareness of the importance of coppice for conser-
vation.” (Harmer, 1995 p1)

“In recent times the use of plastics and mass production techniques have  
meant that many coppiced woodlands have become unviable, there has 
been no market for their products and hence the cycle has stopped.” 
(Harmer, 1995 p1)

The diagrams bellow show that during 1905-1982 there has been a dra-



COPPICE TYPES

There are a number of different types of coppice, these vary , depending on the species used or the way it is managed. These different types create different ecologies 
and produce.

PURE COPPICE

Many coppices in the UK consists of one 
single species of plant, for example a 

woodland would only consist of Oak, Hazel 
or Ash etc. 

MIXED COPPICE

A variety of plant species can be designed 
and grown together, meaning that the 

coppice could deliver a number of different 
wood products

COPPICE WITH STANDARDS

In some coppices a select number of trees 
are left uncut as a standard, this promotes 

biodiversity and maintains shelter.

SHORT ROTATION COPPICE (SRC)

Uses densely planted, fast growing tree 
species such as Willow, or Poplar and is used 

for creation of biomass fuels. 



WILDLIFE RESPONCE TO THE COPPICE CYCLE

During the first summer there is sparse or little vegetation around the stools. After the second summer the ground is covered in flowers and oth-
er plants. The coppice canopy is open for the first 3-4 years, scrubs and brambles establishing between stools. Then, when the canopy closes 
creating shade, many plants die back letting the coppice mature until harvesting. Due to the regular growth and cutting of coppiced woodland, 
these time periods in the coppice cycle are associated with a number of different animals, as a coppice woodland creates a constantly chang-
ing habitat.

freshly cut parse vegetation open canopy with wildflowers closed canopy with sparse ground cover



INVERTEBRATES

Invertebrates are often found at around the 2-5 year mark of the cop-
pice cycle, as the new cutting lets sunlight in creating a warm microclimate 

with diverse ground flora, suited to invertebrates needs. 

SMALL MAMMALS 

Wood mice are often the only small mammal found in fresh cut coppice 
and throughout the coppice cycle. At around 2-5 years, more species of 

small mammals appear, such as the common shrew and bank voles. 

LARGE MAMMALS

Larger mammals prefer the increased cover which dense coppice gives. 
Deer and foxes are often seen towards the end of the coppice cycle. 

BIRDS

Bird species seem to like a range of habitats in the coppice cycle:
Open coppice – tree pipits, yellow hammers, linnets

Canopy closure period - willow warbler, nightingale, chiffchaff

Old coppice - blackbird, chaffinch, great tit

WILDLIFE 
IN COPPICED 
WOODLAND 

BUTTERFLY AND MOTHS

Several species of butterfly and moth have decreased in numbers due 
the reduction in regular coppiced woodland. Butterfly larva feed on 
herbs found along open sunny areas such as ones created in a newly 

cut coppice. Butterflies and moths thrive in these bright conditions where 
wildflowers grow in-between the coppice stumps.

 



High forest or neglected coppice

Glade

Ride

1,2,3 ect   Year of cutting

1 sequential annual coppicing (10-year cycle) 
with linking rides

2 sequential biannual coppicing (12-year) round 
a simple ride system in a small wood

3 mixed short (10-year) and long (20-year for firewood) coppice cycle in a large wood. Three pan-
els are cut each year and panels cut in subsequent years on the long cycle are paired. Glades and 
rides have been incorporated to provide additional habitats and to link coppice plots.
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PANEL LAYOUTS

The layout of the coppice is important and depends on the size and scale of the 
proposed coppice woodland. Coppices generally use rides, these are cleared 
paths to help ease movement and provide space to move timber when the tim-
ber is felled and transported elsewhere. Glades are clearings within woodland 
or coppices, benefitting smaller plant species which are able to access light.
Mammals such as deer are also more likely to graze in such areas. On the right 
are examples of different types of coppices, all use glades and runs differently 
due to the size and planned use of the coppice.

All the diagrams show existing woodland or neglected coppice round the edge. 
Using unmanaged woodland as well as coppice means that habitats exist at all 
times of the year. 



SPECIES                                     ROTATION                                  SPACING                           NO/ HECTARE (ACRE)
 
Willow                                        2-3 years                                      c. 2m                                      2250 (900)
Sweet Chestnut                            3 years                                       c. 2m                                       2250 (900)  
Hazel                                        7-10 years                                     c. 2.5m                           1500-2000 (600-600)

SPECIES                                     ROTATION                                  SPACING                           NO/ HECTARE (ACRE)
 
Alder                                       10-20 years                                      c. 3m                                    1100 (450)                          
Sycamore                                 12-20 years                                      c. 3m                                    1100 (450)
Ash                                          10-25 years                                      c. 3m                                    1100 (450)
Sweet Chestnut                        15-25 years                                       c. 3m                             800-1000 (320-400)
Birch                                        15-25 years                                       c. 3m                             800-1000 (320-400)
Hornbeam                               15-35 years                                       c. 3m                             800-1000 (320-400)
Lime                                         20-25 years                                      c. 3m                             800-1000 (320-400)
Oak                                         18-25 years                                      c. 3m                               200-500 (80-200)
Mixed species                         15- 20 years                                      c. 3m                             800-1000 (320-400)

COPPICE DENSITY

A coppice is normally planted in a grid system with regular spacing, the spacing changes with the type of species and choice of rotation. These tables show estimat-

ed coppice crop at certain spacing’s and rotation.

SHORTER ROTATION

LONGER ROTATION

(BTCV table for shorter rotations, 2009)

(BTCV table for longer rotations, 2009)



GRAFTING RESEARCH
GRAFTING INTRODUCTION

GRAFTING TYPES

GUERRILLA GRAFTING

WILD ROOTSTOCK GRAFTING



GRAFTING INTRODUCTION

Grafting is a method of joining the cutting (scion) of an improved variety of fruit tree, onto the root (rootstock) of a 
local compatible variety.

GRAFTING BENEFITS

Grafted trees produce fruit quicker. A grafted tree can take 2-4 years to fruit, unlike a tree grown from seed, 
which could take 8-10 years.

Grafting guarantees quality fruit, wheras seeds may grow poor-tasting fruit.

 Hardiness is also improved, due to grafting onto a complex and strong root system.

GRAFTING IN KIRKSTALL VALLEY

Grafting has the potential to be used in Kirkstall valley as a way of retrofitting existing woodland or trees to be-
come productive. This means we can introduce fruit trees at a low cost, high success rate and a shorter time frame 
than planting from seed.



GRAFTING TYPES

WHIP-AND-TOUNGE GRAFTING

(a) The rootstock with whip and tongue cuts.
(b) The scion with cuts.
(c) The graft fitted together ready for binding.

CHIP BUDDING

(a) Bottom cut on budwood.
(b) Sloping cut on dubwood.
(c) The bud ready for placing.
(d) The cut made in the rootstock.
(e) The bud placed in position and ready for tying

CLEFT GRAFT

(a) Making the cleft in the branch. 
(b) The scion ready for placing, and a cross-section showing the v shape.
(c) Two scions placed on the edges of the graft.

(a)

(a)

(a)

(b)

(b)

(b)

(c)

(c)

(c)

(d) (e)



GUERRILLA GRAFTING 

Guerrilla grafting is a movement starting in San Francisco which aims to graft fruit-bearing branches onto public accessible sterile fruit 
trees. The hope is that these trees will then bear fruit and can supply fruit for residents free of charge.



GRAFTING APPLE TYPES

Autumn Gold Apple
Discovery Apple
Jonalicious Apple
Pixie Apple

GRAFTING MEDLARS TYPES

Nottingham Medlar
Royal Medlar
Flanders giant

GRAFTING PEAR TYPES

Green Antou
Red Bartlett
Seckel Pear
Forelle Pear

GRAFTING QUINCE TYPES

Champion Quince
Portugal Quince
Vranja Nenadovic
Meech’s Prolific

WILD ROOTSTOCK GRAFTING

Hawthorn has been used as rootstock and is suitable for a number of different fruit trees. There are 
many hawthorn trees in the Kirkstall Valley Park.

 

HAWTHORN

ROOTSTOCK

SCION

SCION

SCION



DESIGN RESEARCH
INITIAL DESIGN IDEA

MIXED COPPICE AND FOREST GARDEN AREA DEVELOPMENT

COPPICE AND FOREST GARDEN PATHS

FOREST GARDEN DEVELOPMENT

COPPICE BEDS AND COPPICE ROTATION



FOREST GARDEN AREA

Offset the forest garden from existing woodland, creating productive 

boarder.

LINEAR GRAFTED ORCHARD

Using the large number of hawthorn’s to graft apples, pears, quinces and 
medlars.

MIXED COPPICE

Mimicking existing coppice in areas to create 
area of mixed coppice, to create woodfuel, 

biochar and woodchip

INITIAL DESIGN IDEA

The initial idea was to use the nature reserve as an area to create a 
productive zone within Kirkstall valley.

Using sustainable and ecologically rich methods such as coppicing, forest 
gardens and grafting. The aim is to create a diverse area which is able 
to create a vast range of produce with as little impact to the environment 
as possible. 

I believe the next step is to work out a way that the coppice woodland 
and forest garden can interelate, as within this idea they are almost 
isolated from each other.



MIXED COPPICE AND FOREST GARDEN AREA 
DEVELOPMENT

In the previous idea I separated the coppice and forest garden zones. To 
increase diversity and maximise the interconnection of plants, the areas 
should link, creating a complex system. This idea creates relationships 
between existing woodland, coppice and forest garden together in one 
system.

The separate planting of the coppice and forest garden area means 
that when coppicing takes place, the forest garden will not be affected 
or damaged. To allow access through the planting for harvesting and 
maintanance, paths will need to be created, this will also let the public  
walk through the nature reserve.

COPPICE ZONES

The coppice has to be planted north of the forest garden to minimise  
shading.

Area of coppice approximately: 5000 meters squared = 1.2 acre 

FOREST GARDEN ZONES

Planted south of coppice yet close enough to create a relationship be-
tween both areas, but without the risk of being shaded by the coppice.
Area of forest garden approximately: 2500 meters squared = 0.6 acre
 



COPPICE AND FOREST GARDEN PATHS

These paths are placed along existing lines of access as seen on the aerial plan. Additional paths are added into 
the denser areas of vegetation.

Uses of paths:

Retain connectivity throughout site

Improve accessibility for required maintenance 



FOREST GARDEN DEVELOPMENT

The correct placement of plants within a forest garden is very 
important, plants need to be placed to minimise competition for 
light within the planting beds.

I have chosen one area of the forest garden to design, creating 
guidance for the further two areas within the complete design.

TREES 

The trees within forest gardens need to be 
placed north of the majority of the shrubs 

and perennials etc., to minimise shading .

SHRUBS

Placing shrubs south of trees minimises shading, also placing 
shrubs between trees canopies is apprpriate, as these areas 
have high light levels.

PERENNIAL/ GROUND-COVER LAYER

Planting perennials and ground-cover plants in groups minimises 
competition from the large shrubs and trees species. Planting 
south of larger trees reduces areas of shade on perennial 
planting beds.



1st

2nd

3rd

3rd

WILLOW - BIO CHAR

3 year rotation
Harvesting each bed a year apart 

Order of bed coppicing stated below 

SWEET CHESTNUT - WOODCHIP

3 year rotation
Harvesting each bed a year apart 

Order of bed coppicing stated below 

HAZEL - WOOD LOG FUEL

8 year rotation
Harvesting each bed 4 years apart 

Order of bed coppicing stated below 

1st 

2nd

3rd-

1st

2nd

2nd 

COPPICE BEDS AND COPPICE ROTATION 

Using three different types of wood in the coppice increases the range of produce. 



FINAL DESIGN
FOREST GARDEN PLANTING PLAN PROPOSAL

COPPICE PLAN PROPOSAL 

GRAFTING PLAN PROPOSAL PART 1/1

GRAFTING PLAN PROPOSAL PART 2/2

PRODUCTIVE WOODLAND SECTION

FOREST GARDEN AREA VISUAL

COPPICE AREA VISUAL



 Sea Buckthorn - Hippophae salicifolia

Apple - Malus domestica 'Jupiter'

Blue Sausage Fruit - Decaisnea fargesii

Mulberry Tree - Morus alba 'Pakistan Red'

Strawberry Tree - Arbutus unedo 'rubra'

Pear Tree - Pyrus communis 'Jargonelle'

 Autumn Olive -Elaegnus umbellata 'Big Red'

  Black Locust -Robinia pseudoacia

Quince - Cydonia oblonga 'Krymsk'

Gooseberry - Ribes uva-crispa 'Hino Red'

Goji Berry - Lycium barbarum 'Crimson Star'
Blackcurrant - Ribes nigrum 'Ben Nevis'

Red Currant - Ribes rubrum 'Jonkheer'

English Lavender - Lavandula angustifolia

Bush Clover - Lespedeza bicolor

  Raspberry - Rubus idaeus 'Glen Garry'

Crandall's Clove Currant - Ribes odoratum 'Crandall'

 Rosemary - Rosmarinus officinalis 'Barbeque'

Chokeberry - Aronia melanocarpa 'Hugin'

Raspberry - Rubus idaeus 'Malling Promise'

Rosemary - Rosmarinus officinalis 'Barbeque'

Sage- Salvia officinalis 'Purpurascens'

Chokeberry - Aronia melanocarpa 'Hugin'

Redcurrant - Ribes rubrum 'Jonkheer'

Quince - Chaenomeles x californica 'Enchantress

Raspberry - Rubus idaeus 'Glen Garry'

Honey Berry - Lonicera caerulea 'Blue Velvet'

Strawberries - Fragaria × ananassa 'Alice'

Allium ampeloprasum var. babingtonii 'Babington's Leek

Allium ampeloprasum var. babingtonii 'Babington's Leek'

Allium ampeloprasum var. babingtonii 'Babington's Leek

Allium ampeloprasum var. babingtonii 'Babington's Leek

Lemon Balm - Melissa officinalis

Mentha × villosa var. alopecuroides 'Bowles's Mint'

 Liquorice -  Glycyrrhiza glabra

 Jerusalem Artichoke - Helianthus tuberosus

Rhubarb - Rheum palmatum 'Atrosanguineum'

  Bird's Foot Trefoil- Lotus corniculatus
Jerusalem Sage - Pulmonaria officinalis

 Ginseng - Panax ginseng

Bronze Fennel - Foeniculum vulgare 'Purpureum'

Mentha × villosa var. alopecuroides 'Bowles's Mint'

Bear's breeches - Acanthus mollis

Bugle - Ajuga reptans

Groundcover Raspberry - Rubus 'Betty Ashburner'

Turkish Rocket - Bunias orientalis
Wild Garlic - Allium ursinum

 Garlic Mustard - Alliaria petiolata

Chard - beta vulgaris subsp. cicla

 Burdock - Arctium lappa

Sweet Pea - Lathyrus odoratus

Salvia officinalis 'Purpurascens'

Sea Kale - Crambe maritima 'Lilywhite'

Sea Beet - Beta vulgaris 'Maritima'

Lemon Balm - Melissa officinalis

Lemon Balm - Melissa officinalis

Lemon Balm - Melissa officinalis
Lemon Balm - Melissa officinalis

Lemon Balm - Melissa officinalis

Lemon Balm - Melissa officinalis

Bronze Fennel - Foeniculum vulgare 'Purpureum'

Bronze Fennel - Foeniculum vulgare 'Purpureum'

Bush Clover - Lespedeza bicolor

Bush Clover - Lespedeza bicolor

Bush Clover - Lespedeza bicolor

Strawberries - Fragaria × ananassa 'Alice'

 Ginseng - Panax ginseng

Sea Kale - Crambe maritima 'Lilywhite'

  Bird's Foot Trefoil- Lotus corniculatus
Lemon Balm - Melissa officinalis

Jerusalem Sage - Pulmonaria officinalis

Strawberries - Fragaria × ananassa 'Alice'

  Bird's Foot Trefoil- Lotus corniculatus

 Liquorice -  Glycyrrhiza glabra

Sea Kale - Crambe maritima 'Lilywhite'

Sea Beet - Beta vulgaris 'Maritima'

Strawberries - Fragaria × ananassa 'Alice'

Sea Beet - Beta vulgaris 'Maritima'

Wild Garlic - Allium ursinum
Turkish Rocket - Bunias orientalis

Groundcover Raspberry - Rubus 'Betty Ashburner'

Sea Kale - Crambe maritima 'Lilywhite'

Sea Beet - Beta vulgaris 'Maritima'

Bear's breeches - Acanthus mollis

Bugle - Ajuga reptans

English Lavender - Lavandula angustifolia

 Garlic Mustard - Alliaria petiolata

Bear's breeches - Acanthus mollis

Welsh Onion - Allium cepa

Bear's breeches - Acanthus mollis

Blackcurrant - Ribes nigrum 'Ben Hope'

Groundcover Raspberry - Rubus 'Betty Ashburner'

Turkish Rocket - Bunias orientalis

Apple Tree - Malus domestica 'Jupiter'

Bear's breeches - Acanthus mollis

  Raspberry - Rubus idaeus 'Glen Garry'

Chokeberry - Aronia melanocarpa 'Hugin'

 Burdock - Arctium lappa

 Jerusalem Artichoke - Helianthus tuberosus

 Burdock - Arctium lappa

Strawberries - Fragaria × ananassa 'Alice'

Groundcover Raspberry - Rubus 'Betty Ashburner'

Welsh Onion - Allium cepa

Groundcover Raspberry - Rubus 'Betty Ashburner'
Gooseberry - Ribes uva-crispa 'Hino Red'

Turkish Rocket - Bunias orientalis

Crandall's Clove Currant - Ribes odoratum 'Crandall'

 Garlic Mustard - Alliaria petiolata

Goji Berry - Lycium barbarum 'Crimson Star'

Bear's breeches - Acanthus mollis

 Burdock - Arctium lappa

Sweet Pea - Lathyrus odoratus
 Garlic Mustard - Alliaria petiolata

Wild Garlic - Allium ursinum

 Ginseng - Panax ginseng

Sea Kale - Crambe maritima 'Lilywhite'

Chokeberry - Aronia melanocarpa 'Hugin'

Bear's breeches - Acanthus mollis

Sweet Pea - Lathyrus odoratus

Chard - beta vulgaris subsp. cicla

Quince - Chaenomeles x californica 'Enchantress

Blackcurrant - Ribes nigrum 'Ben Hope'

 Jerusalem Artichoke - Helianthus tuberosus

Strawberries - Fragaria × ananassa 'Alice'

 Ginseng - Panax ginseng

  Bird's Foot Trefoil- Lotus corniculatus

 Jerusalem Artichoke - Helianthus tuberosus

Sage- Salvia officinalis 'Purpurascens'
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Apple Tree -  Malus domestica 'Discovery'
Apple Tree -  Malus domestica 'Gladstone'

Quince Tree -  Cydonia oblonga 'Krymsk'

Quince Tree -  Cydonia oblonga 'Serbian
Gold'

Medlar Tree -  Mespilus germanica 'Large Russian'

Medlar Tree -  Mespilus germanica 'Nottingham'

Medlar Tree -  Mespilus germanica 'Royal'

Apple Tree -  Malus domestica 'Katy'

Apple Tree -  Malus domestica 'Peasgood Nonsuch'

Apple Tree -  Malus domestica 'Saturn'

Quince Tree -  Cydonia oblonga 'Krymsk'

Quince Tree -  Cydonia oblonga 'Krymsk'

Quince Tree -  Cydonia oblonga 'Krymsk'

Medlar Tree -  Mespilus germanica 'Large Russian'

Medlar Tree -  Mespilus germanica 'Nottingham'

Medlar Tree -  Mespilus germanica 'Royal'

Quince Tree -  Cydonia oblonga 'Serbian Gold'
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Medlar Tree -  Mespilus germanica 'Large Russian'

Medlar Tree -  Mespilus germanica 'Nottingham'

Medlar Tree -  Mespilus germanica 'Royal'

Apple Tree -  Malus domestica 'Discovery'

Apple Tree -  Malus domestica 'Gladstone'

Apple Tree -  Malus domestica 'Peasgood Nonsuch'
Apple Tree -  Malus domestica 'Katy'

Pear Tree -  Pyrus communis 'Onward'
Pear Tree -  Pyrus communis 'Conference'

Pear Tree -  Pyrus communis 'Concorde'

Quince Tree -  Cydonia oblonga 'Serbian Gold'

Quince Tree -  Cydonia oblonga 'Krymsk'

Quince Tree -  Cydonia oblonga 'Krymsk'
Quince Tree -  Cydonia oblonga 'Serbian Gold'
Apple Tree -  Malus domestica 'Gladstone'
Apple Tree -  Malus domestica 'Peasgood Nonsuch'
Apple Tree -  Malus domestica 'Katy'

Apple Tree -  Malus domestica 'Discovery'

Medlar Tree -  Mespilus germanica 'Large Russian'

Medlar Tree -  Mespilus germanica 'Nottingham'

Medlar Tree -  Mespilus germanica 'Royal'
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PRODUCTIVE WOODLAND SECTION

A
B

A

B

FOREST GARDEN ZONE RETAINED PATHS RETAINED PATHSFOREST GARDEN ZONE COPPICE ZONE

Wood fuel
Biochar 
Woodchip

Medical plants
Nuts
Fruits
Salad crops
vegtables
Basletry materials

Improved biodiversity
Increased habitat

Increasing CO2 absorption
Creating community 
Reduced crime
Improved mental health
Encouraging physical activity



FOREST GARDEN AREA VISUAL



COPPICE WOODLAND AREA VISUAL
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